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Description 
Dissolving Filter Cake 

Cross Reference to Related Applications 

[0001] This application is a Continuation-in-Part of U. S. Patent 

Application No. 10/227,690 filed on August 20, 2002. 
Background of Invention 

[0002] This Invention relates to increasing the flow of fluids into 
or out of subterranean wells. More particularly it relates to 
stimulation of the flow of fluids from the rock of a forma- 
tion into a wellbore. Most particularly it relates to meth- 
ods of controlling the size and shape, location, and qual- 
ity of fractures created in hydraulic fracturing (either con- 
ventional or with coiled tubing), or in fracturing and gravel 
packing in one operation, and to gravel packing. 

[0003] Hydraulic fracturing, gravel packing, and fracturing and 
gravel packing in one operation, are used extensively to 
stimulate the production of hydrocarbons, water and 
other fluids from subterranean formations. These opera- 
tions involve pumping a slurry of "proppant" in hydraulic 



fracturing (natural or synthetic materials that prop open a 
fracture after it is created) or "gravel" in gravel packing. In 
high permeability formations, the goal of a hydraulic frac- 
turing treatment is typically to create a short, wide, highly 
conductive fracture, in order to bypass near-wellbore 
damage done in drilling and/or completion, to ensure 
good communication between the rock and the wellbore 
and to increase the surface area available for fluids to flow 
into the wellbore. Gravel is also a natural or synthetic ma- 
terial, which may be identical to, or different from, prop- 
pant. Gravel packing is used for "sand" control. Sand is 
the name given to any particulate material, such as clays, 
from the formation that could be carried into production 
equipment. Gravel packing is a sand-control method used 
to prevent production of formation sand, in which a steel 
screen is placed in the wellbore and the surrounding an- 
nulus is packed with prepared gravel of a specific size de- 
signed to prevent the passage of formation sand that 
could foul subterranean or surface equipment and reduce 
flows. The primary objective of gravel packing is to stabi- 
lize the formation while causing minimal impairment to 
well productivity. Sometimes gravel packing is done with- 
out a screen. High permeability formations to be hydrauli- 



cally fractured are frequently poorly consolidated, so that 
sand control is also needed. Therefore, hydraulic fractur- 
ing treatments in which short, wide fractures are wanted 
are often combined in a single continuous ("frac and 
pack") operation with gravel packing. For simplicity, in the 
following we may refer to any one of hydraulic fracturing, 
fracturing and gravel packing in one operation (frac and 
pack), and gravel packing, and mean them all. 

[0004] | t j S very undesirable to allow the proppant or gravel to 
pack the wellbore above the producing formation. If this 
happens, the wellbore must be cleaned out to permit vari- 
ous other downhole operations, such as placement of 
tools, to permit optimal fluid production. It is also very 
undesirable if, instead of generating a short, wide frac- 
ture, a fracturing or frac and pack treatment screens out 
too late or not at all, that is if the fracture keeps growing, 
in length and/or in height, beyond what is necessary and 
desired; then an optimal pack and the desired fracture 
size and shape are never generated to maximize produc- 
tion and to prevent flowback of proppant or sand. 

[0005] As mentioned, short, wide fractures are often desired. The 
most common method of creating short-wide fractures is 
to initiate a tip screenout ("TSO") during the pumping op- 



eration. In a tip screenout, the solids concentration at the 
tip of the fracture becomes so high due to fluid leak-off 
into the formation that the slurry is no longer mobile. The 
concentrated proppant slurry plugs the fracture, and pre- 
vents additional fracture growth. Additional pumping of 
the proppant/fluid slurry into the formation after the 
screenout causes the fracture to grow wider, and large 
concentrations of proppant per fracture surface area are 
placed in the fracture. The design of these treatments to 
cause a tip screenout as desired relies heavily on correctly 
knowing the mechanical properties, permeability, reser- 
voir pressure and fluid saturations of the formation being 
treated. Prior to most of these treatments a small fractur- 
ing treatment (sometimes called a "data frac"or "mini- 
frac") is performed in order to measure these properties 
and to determine the formation"s response to a hydraulic 
fracturing treatment. Treatment designs are often modi- 
fied on the fly to incorporate this new information. Impor- 
tant design parameters are the size of the pad, the size 
and number of stages, and the proppant or gravel con- 
centration in each subsequent stage, and the nature of the 
fluid and additives used in each stage. Treatment design 
and modification is typically done with the aid of a com- 



puter model, many of which are available in the industry. 
Operators use the available information and models to at- 
tempt to design the jobs so that tip screenouts will occur 
as desired. 

[0006] The pad is the proppant-free fluid pumped to initiate and 
propagate a fracture before stages including proppant or 
gravel are started. It typically serves another purpose as 
well. It lays down a coating, called a "filter cake", on the 
faces of the forming fracture. This filter cake (and that 
formed during injection of proppant or gravel) reduces the 
flow of fluid from the wellbore, perforations, and/or frac- 
ture into the formation (affecting the "efficiency" of the 
job (see below)). The filter cake may be formed from the 
viscosifying agents that are normally present, if they are 
polymers or crosslinked polymers. The filter cake may 
also be formed by adding additional materials to the fluid 
for that purpose, especially if the pores in the fracture 
face are large. Such optionally added materials in this use 
are typically called fluid loss control additives, or FLA's. 

[0007] | n hydraulic fracturing, in particular in low permeability 
formations where the longest possible fracture is desired 
(in order to create the largest possible fracture face for 
flow of fluids into the fracture and ultimately into the 



wellbore), modes of operation that might induce a tip 
screenout are typically avoided, in order to achieve long, 
conductive fractures. If a tip screenout is encountered in 
such a fracturing operation before the entire designed 
treatment is pumped, as inferred from an increase in 
pumping pressure, the pump rate is reduced or most 
likely the treatment is stopped and considered a failure. 
We will call hydraulic fracturing job designs and job exe- 
cutions in which a tip screenout is not desired and does 
not occur, "conventionar'hydraulic fracturing. 
[0008] on the other hand, as discussed above, sometimes tip 

screenouts are desired. Design features employed in those 
special situations in which a tip screenout is desired typi- 
cally involve methods of ensuring that fluid leak-off is 
high relative to the rate and amount of proppant injection. 
This can be achieved by using a small pad, using little or 
no fluid loss additive, using higher proppant concentra- 
tions earlier in the treatment, pumping more slowly, and 
other methods known to those skilled in the art of frac- 
turing, gravel packing, and combined fracturing/gravel 
packing. 

[0009] Unfortunately, in spite of data-fracturing information, 
pressure transients collected by downhole pressure 



gauges during treatments have indicated that TSO's do 
not occur in many, perhaps the majority, of the treat- 
ments in which they are desired and intended. The fluid at 
the tip of the fracture remains mobile, the fracture tip 
continues to grow throughout the treatment and the de- 
sired proppant concentration in the fracture is not 
reached. Therefore, the desired fracture conductivity is 
not obtained. Often, TSO's have to be coaxed by lowering 
pump rates or increasing proppant concentrations at the 
time in the treatment when the TSO is desired. 
[0010] There are two principal reasons for not achieving an ap- 
propriate TSO. First, the fracture may be too large for the 
proppant volume. This occurs a) when the pad is too large 
or b) when the "efficiency" is too high, or c) when the ratio 
of proppant volume to slurry volume selected in the de- 
sign of the job is not high enough. (The "efficiency"in a 
fracturing operation is high when fluid leak-off is con- 
trolled - either naturally by the properties of the fluid and 
the matrix, or by the addition of fluid loss control addi- 
tives - to an acceptably low level; efficiency is low when 
leak-off is high, so that very large volumes of fluid must 
be pumped in order to generate the intended fracture size 
and shape and to place a specified amount of proppant or 



gravel; efficiency is high when there is very little leak-off 
and so most of the injected fluid is used to enlarge the 
fracture.) Second, the fracture width may be too great for 
the proppant to form a bridge in the fracture. This may be 
due to bad initial design (for example in choice of prop- 
pant diameter) or to width growth beyond what was ex- 
pected. 

[001 1] up until now, the major way to deal with these problems 
was directed towards optimizing a) the choice of fluid loss 
control additive or additives and b) the selection of the 
stages of the job in which they were used and their con- 
centration^), especially if the main problem was that the 
fracture was too large for the proppant volume. 

[0012] Fibers are used in fracturing to control proppant flowback. 
In that case, fiber is added at an optimal concentration to 
control proppant flowback while not significantly impact- 
ing fracture conductivity. If one is using glass fibers, for 
example, this concentration is approximately 1 weight 
percent by weight of the proppant. This concentration is 
insufficient to cause bridging during pumping under the 
conditions at which it is normally employed, especially in 
low permeability formations. Fibers are also used some- 
times to aid in transport of proppant when the viscosity of 



the fluid is very low. Tip screenout is commonly deliber- 
ately avoided in these treatments; proppant concentra- 
tions are kept low through careful pre-treatment job de- 
sign, especially through careful selection of pumping 
schedules. For example, in these treatments the pad vol- 
ume is increased over conventional job designs to ensure 
that sufficient fracture width is generated prior to the 
proppant/fiber slurry entering the fracture. However, U. S. 
Patent Application 10/214,817 (assigned to Schlumberger 
Technology Corporation, filed August 8, 2002, hereby in- 
corporated in its entirety by reference) describes a method 
of deliberately using fibers to enhance tip screenout when 
desired. 

[° 013 ] U. S. Patent Application 10/227,690 (assigned to Schlum- 
berger Technology Corporation, filed on August 20, 2002, 
hereby incorporated in its entirety by reference) described 
chemical methods of inducing tip screenouts by causing 
at least part of the filter cake to degrade at the desired 
point by incorporating a filter cake degradation agent or 
agents, and optionally a filter cake degradation agent aid 
in the pad and/or in one or more stages of the main 
proppant carrying fracturing fluid. This method depends 
more upon features of the job under the operator's con- 



trol (especially the chemistry of the fluids and fluid loss 
control additives used) than on the unknown variability of 
the formation. However, the scheduling of the inclusion in 
the fluid of the filter cake degradation agent(s), and op- 
tional filter cake degradation agent aid(s), may be compli- 
cated. 

[0014] Removal of the filter cake serves another purpose. After 
the treatment has been completed, the well is put on pro- 
duction and the operator wishes to maximize the flow of 
fluid from the formation into the wellbore. The filter cake 
that was needed to reduce leakoff impedes this flow. In 
gravel packing, although there is no need to induce a tip 
screenout there is still a good reason to remove the filter 
cake. 

[0015] There is a need for a simpler, reliable way to ensure that 
filter cakes can be removed and that intended tip scree- 
nouts will occur exactly when and where they are wanted 
and to allow for great flexibility in the design of tip scree- 
nout treatments. 
Summary of Invention 

[0016] one embodiment of the Invention is a method of causing 
a screenout in a subterranean formation stimulation treat- 
ment in which a slurry of a proppant in a viscoelastic sur- 



factant based carrier fluid is injected above fracturing 
pressure to create one or more fractures, by forming a fil- 
ter cake including a solid base-soluble material, and de- 
grading the solid base-soluble material with a solid base- 
soluble material degradation agent while injecting a slurry 
of a proppant in a carrier fluid. In one embodiment the 
solid base-soluble material degradation agent is a base, 
preferably an alkali metal alkoxide, alkali metal carbonate, 
alkali metal bicarbonate, alkali metal hydroxide, ammo- 
nium hydroxide, or a mixture of one or more of these. In 
another embodiment the carrier fluid contains a buffer. In 
another embodiment the carrier fluid contains a fluid loss 
additive. 

[0017] | n y e t another embodiment, the solid base-soluble mate- 
rial is one or more of lactide, glycolide, polylactic acid, 
polyglycolic acid, copolymers of polylactic acid and polyg- 
lycolic acid, copolymers of glycolic acid with other hy- 
droxy-, carboxylic acid-, or hydroxycarboxylic acid- 
containing moieties, copolymers of lactic acid with other 
hydroxy-, carboxylic acid-, or hydroxycarboxylic acid- 
containing moieties, and mixtures of the these. The solid 
base-soluble material is preferably polyglycolic acid. In 
another embodiment the solid base-soluble material is 



mixed with a solid acid-reactive material, preferably se- 
lected from magnesium hydroxide, magnesium carbonate, 
magnesium calcium carbonate, calcium carbonate, alu- 
minum hydroxide, calcium oxalate, calcium phosphate, 
aluminum metaphosphate, sodium zinc potassium 
polyphosphate glass, and sodium calcium magnesium 
polyphosphate glass. The solid base-soluble material and 
solid acid-reactive material may be in separate particles 
or in the same particle; the solid base-soluble material 
may enclose the solid acid-reactive material. In any case, 
the solid base-soluble material may be coated with a hy- 
drolysis-delaying material. 

[0018] | n other embodiments either or both of the solid base- 
soluble material and the solid base-soluble material 
degradation agent may be added to the pad, to the early 
proppant-carrying stages, or to the later proppant-carry- 
ing stages. In another embodiment bridging-promoting 
material may be included in any or all stages of the treat- 
ment. In another embodiment, fluid loss additives other 
than or in addition to the solid base-soluble material may 
be included in any stage. 

[0019] yet another embodiment is a method of gravel packing a 
subterranean formation that involves injecting a slurry of 



a gravel in a viscoelastic surfactant based carrier fluid that 
contains a solid base-soluble material that forms a filter 
cake and degrading the filter cake with a filter cake 
degradation agent while injecting a slurry of a gravel in a 
carrier fluid. Solid base-soluble materials, bases, optional 
solid acid-reactive materials, optional base-soluble mate- 
rial degradation agents, and optional bridging promoting 
materials are the same as for fracturing. The gravel pack- 
ing may be done with or without a sand control screen. 
Yet another embodiment is a viscoelastic surfactant based 
well treatment composition containing water and a solid 

base-soluble material. 
Brief Description of Drawings 

[0020] Figure 1 shows the change in flow rate through a filter 

cake of the Invention with an increase in the pH. 
Detailed Description 

[0021] jo a jc| j n understanding deliberate tip screenouts pro- 
moted by job design in hydraulic fracturing and combined 
fracture /grave I packing operations, see M. Economides 

rd 

and K. Nolte, eds., Reservoir Stimulation, 3 edition, John 
Wiley & Sons, Ltd, New York (2000) pp 10-21 to 10-24; 
and F. L. Monus, F. W. Broussard, J. A. Ayoub and W. D. 



Norman, "Fracturing Unconsolidated Sand Formations Off- 
shore Gulf of Mexico," SPE 24844, (1992). We have now 
found a simple, reliable method to bring about screenouts 
in a fracture deliberately and in a controlled manner by 
using a specially selected material as at least a part of the 
fluid loss additive and then making a single simple change 
in the composition of the injected fluid. The method is 
particularly effective when the failure to screen out is due 
to the fracture being too large for the proppant volume. 
The method is to form a filter cake including or consisting 
entirely of a special fluid loss additive material, which is a 
solid base-soluble material, and then to reduce the 
amount of filter cake, or increase its permeability, at the 
appropriate time by adding base to the carrier fluid. (See 
below for broader definitions of "base"and "base-solu- 
ble".) The material that forms a filter cake is called a "fluid 
loss additive"or "FLA". The FLA may be entirely a solid 
base-soluble material, or may contain one or more other 
components. Generically, then, the solid base-soluble 
material is a "fluid loss additive or component". We will 
use the term filter cake degradation to encompass reduc- 
ing the amount of filter cake or increasing its permeability 
by dissolving at least a portion of the filter cake. (When "a 



portion" of the filter cake is dissolved, and the solid base- 
soluble material is only a component of the fluid loss ad- 
ditive, all of the solid base-soluble material mayor may 
not be dissolved.) This is done by dissolving at least a 
portion of the specially formulated filter cake quickly and 
at a desired point during the job by adding a base to the 
fluid at the appropriate time. Normally the time at which 
the operator will start adding base to the fluid will be de- 
termined during the job design, but this time can be de- 
cided (or finalized) during the data frac or even during the 
treatment if necessary because only a single additive is to 
be changed. 

[0022] |f the failure to screen out is due in part to the fracture 

width being too great to allow for effective bridging of the 
proppant, fibers or other materials (termed bridging- 
promoting materials) may be added to the proppant to 
assist in bridging, in conjunction with the above method 
of dissolving the filter cake with a base. These techniques 
involving dissolving the filter cake and adding fibers may 
be combined simultaneously or consecutively. 

[0023] The method of the Invention is also applicable to forming 
and then destroying a filter cake in gravel packing. The 
method of the Invention may also be used to form wider 



fractures (that have greater fracture conductivity) deliber- 
ately. The method of the Invention may also be used as a 
form of diversion; that is, the operator may deliberately 
stop the growth of one fracture and then initiate a new 
fracture without zonal isolation. The method of the Inven- 
tion may be used to destroy the FLA throughout the frac- 
ture or only in part of it. The operator may decide and 
control when and where the screenout occurs (and avoid 
the undesirable results of failure to screen out, of very 
gradual and inefficient screenout, or of screenout in the 
wellbore above the formation) by accelerating the leak- 
off, and optionally also by assisting proppant bridging (as 
will be discussed below). 
[0024] The underlying and unifying concept is that a filter cake is 
laid down early in the treatment, then proppant or gravel 
slurry is injected, and then while proppant or gravel slurry 
injection continues at least a portion of the filter cake is 
chemically damaged by dissolution so that leak-off in- 
creases. If the treatment involves fracturing, including 
combined fracturing and gravel packing, then the concen- 
tration of proppant in the fracture increases, and the 
proppant screens out. Although the method of the Inven- 
tion may be used in treatments other than fracturing and 



for purposes other than inducing screenouts, the follow- 
ing discussion will be primarily in terms of inducing 
screenouts in fracturing. 

[0025] solid base-soluble materials that are fluid loss additives, 
or fluid loss additive components, suitable for use in the 
present Invention include solid cyclic dimers, or solid 
polymers, of certain organic acids, that hydrolyze into 
soluble products readily in the presence of base. One ex- 
ample of a suitable solid acid-precursor is the solid cyclic 
dimer of lactic acid (known as "lactide"), which has a melt- 
ing point of 95 to 125 °C, (depending upon the optical ac- 
tivity). Another is a polymer of lactic acid, (sometimes 
called a polylactic acid (or "PLA"), or a polylactate, or a 
polylactide). Another example is the solid cyclic dimer of 
gylycolic acid (known as "glycolide"), which has a melting 
point of about 86 °C. Yet another example is a polymer of 
glycolic acid (hydroxyacetic acid), also known as polygly- 
colic acid ("PGA"), or polyglycolide. Another example is a 
copolymer of lactic acid and glycolic acid. These polymers 
and copolymers are polyesters. 

[0026] Cargill Dow, Minnetonka, MN, USA, produces the solid 
cyclic lactic acid dimer called "lactide"and from it pro- 
duces lactic acid polymers, or polylactates, with varying 



molecular weights and degrees of crystal Unity, under the 
generic trade name NATUREWORKS™PLA. The PLA's cur- 
rently available from Cargill Dow have molecular weights 
of up to about 100,000, although any polylactide (made 
by any process by any manufacturer) and any molecular 
weight material of any degree of crystallinity may be used 
in the embodiments of the Invention. The PLA polymers 
are solids at room temperature and are hydrolyzed by wa- 
ter to form lactic acid. Those available from Cargill Dow 
typically have crystalline melt temperatures of from about 
120 to about 170 °C, but others are obtainable. 
Poly(dJ-lactide) is available from Bio-lnvigor, Beijing and 
Taiwan, with molecular weights of up to 500,000. Bio- 
lnvigor also supplies polyglycolic acid (also known as 
polyglycolide) and various copolymers of lactic acid and 
glycolic acid, often called "polyglactin" or 
poly(lactide-co-glycolide). The rates of the hydrolysis re- 
actions of all these materials are governed by the molecu- 
lar weight, the crystallinity (the ratio of crystalline to 
amorphous material), the physical form (size and shape of 
the solid), and in the case of polylactide, the amounts of 
the two optical isomers. (The naturally occurring l-lactide 
forms partially crystalline polymers; synthetic dl-lactide 



forms amorphous polymers.) Amorphous regions are 
more susceptible to hydrolysis than crystalline regions. 
Lower molecular weight, less crystallinity and greater sur- 
face-to-mass ratio all result in faster hydrolysis. Hydroly- 
sis is accelerated by increasing the temperature, by 
adding acid or base, or by adding a material that reacts 
with the hydrolysis product(s). 

[0027] Homopolymers can be more crystalline; copolymers tend 
to be amorphous unless they are block copolymers. The 
extent of the crystallinity can be controlled by the manu- 
facturing method for homopolymers and by the manufac- 
turing method and the ratio and distribution of lactide 
and glycolide for the copolymers. Polyglycolide can be 
made in a porous form. Some of the polymers dissolve 
very slowly in water before they hydrolyze. 

[0028] other materials suitable as solid acid-precursors are all 
those polymers of hydroxyacetic acid (glycolic acid) with 
itself or other hydroxy-, carboxylic acid-, or hydroxycar- 
boxylic acid-containing moieties described in U.S. Patent 
Nos. 4, 848,467; 4,957,165; and 4,986,355. These 
patents describe the use of these materials as fluid loss 
additives. U. S. Patent No. 4,986,355 describes a method 
of manufacturing these materials in the fine particle sizes 



most appropriate for fluid loss control. 
[0029] During fracturing, more filter cake is laid down in the por- 
tion of the fracture closest to the wellbore because the 
fracture face closest to the wellbore has been exposed to 
filter cake-forming fluids for the longest time and at the 
highest pressure. Furthermore, that filter cake is more 
difficult to remove by dissolution with base than filter 
cake farther toward the fracture tip. One reason is that in- 
jected fluids cool the formation, and the formation closest 
to the wellbore is the coolest; hydrolysis and dissolution 
of the solid base-soluble material is slower at lower tem- 
peratures. Also, during the fracturing treatment, more 
fluid has leaked off into the formation through the frac- 
ture face nearest to the formation due to the longer time 
and higher pressure. Late in the treatment this fracture 
fluid in the formation and thicker filter cake impedes ad- 
ditional flow through the filter cake. Since the hydrolysis 
and dissolution by base requires flow of the base into and 
away from the filter cake this is most difficult closest to 
the wellbore. Consequently, even though the base con- 
tacts the filter cake closest to the wellbore first and for 
the longest time, filter cake towards the tip is degraded 
more effectively. Fracturing treatments with deliberate 



TSO's in high permeability formations are usually fairly 
short treatments. Typical times are 30 to 45 minutes; 
treatments may occasionally take as little as about 15 
minutes or as much as up to about 1.5 hours. Addition of 
base is begun at a time calculated so that sufficient de- 
struction of the filter cake occurs at the time that the 
screenout is desired. In many jobs, the start of base addi- 
tion approximately coincides with the start of proppant; in 
longer jobs, base may be started significantly after prop- 
pant. In very short jobs, and in gravel packing, base may 
be included in the pad from the start of the job. 
[0030] | n treatments at high temperature or for long times, in 
which the rapid filter cake dissolution is initiated by the 
addition of base to the injected fluid but in which there 
may be some concern that the filter cake might dissolve 
too readily, the job design is adjusted so that solid base- 
soluble material is added only early in the job and the fil- 
ter cake near the wellbore does not consist of or include 
solid base-soluble material. This strategy is also advanta- 
geously used in cases where solid base-soluble material is 
difficult to obtain or more expensive than other fluid loss 
additives. 

[0031] The rate and the extent of filter cake dissolution at a 



given location depend primarily upon the composition, 
particle size, and surface area of the solid acid-soluble 
material chosen, the thickness of the filter cake, the tem- 
perature, and the strength of the base. Other job design 
parameters that may be important are the duration of the 
job, the planned dimensions of the fracture, and the 
proppant particle size. For example, the pad must be 
pumped long enough and/or contain enough FLA to en- 
sure laying down the needed filter cake. Also, the filter 
cake degradation must not be so slow that screenout does 
not occur or occurs too late. Proppant addition is usually 
done in stages. In each stage a certain proppant concen- 
tration is injected for a certain amount of time. Successive 
stages usually have successively increasing proppant con- 
centrations. The proppant concentration may also be 
ramped smoothly, that is increase continuously during the 
proppant-laden stages. To aid in description, a typical job 
will be broken up into the pad and discreet proppant 
slurry stages. In the pad, the fracture is initiated and filter 
cake is laid down. In the subsequent proppant slurry 
stages, the fracture is enlarged. In the last proppant slurry 
stage, a screenout occurs and the fracture is packed with 
proppant. If the pad must be small because of other as- 



pects of the job design, laying down of filter cake may 
continue in all of, or the early, proppant slurry stages. A 
bridging-promoting agent may be added in any or all of 
the pad and stages. One skilled in the art of subterranean 
formation stimulation could design treatments that gen- 
erate a fracture having specific final parameters (such as 
dimensions and conductivity) in many different ways 
within the scope and spirit of the Invention, depending 
upon such factors as, for example, the availability of 
chemicals and materials; the availability and capability of 
the equipment with which the chemicals and materials can 
be added; and cost. 
[0032] The Invention is preferably carried out by first considering 
information about the well, the formation, the fluids avail- 
able, and criteria for a successful fracture stimulation with 
a tip screenout, and then preparing an optimized plan for 
maximizing stimulated well performance according to the 
data and the criteria. Such a design will include injection 
of an amount of a selected pad fluid containing a selected 
FLA, and then injection of one or more stages containing 
selected types and concentrations of fracture fluids, prop- 
pants, FLA's (if present) and bases (if present). This is 
usually done by analyzing the well using fracturing design 



and evaluation software in which pressure gradients are 
combined with fracture length and height evolution algo- 
rithms, complete leak-off information, and the effects of 
multiple fluid injections and their temperature changes. 
[0033] The job design will typically include the rates and volumes 
of fluids and solids to be injected in each stage of the job, 
including the desired fluid leak off rate, and the time at 
which the TSO is desired. The special and temporal tem- 
perature distribution during the job will be predicted. The 
operator then has several design parameters that can be 
adjusted in order to ensure that an appropriate amount of 
the solid base-soluble material has dissolved at the ap- 
propriate time. The major adjustable design parameters 
for bringing this about are the nature of the solid base- 
soluble material (chemical composition, particle size and 
shape), other components added with the solid base- 
soluble material (delaying or accelerating agents to be de- 
scribed below), and the pH of the fluid and the way the pH 
is optionally varied during the job. A particularly desirable 
dissolution mode is slow or negligible dissolution up to 
certain point and then rapid or extensive dissolution 
thereafter. Simple laboratory experiments are used to de- 
termine the rate at which a given base-soluble material 



will dissolve under given conditions in a given chemical 
environment. 

[0034] The effects of one important variable on dissolution rate 
of solid base-soluble material (chemical composition, 
particle size and shape) have already been detailed. Within 
the limits of cost and availability, various solid base- 
soluble material compositions and physical properties 
may be chosen. (The shape and particle size must also be 
chosen with the required fluid loss and filter cake proper- 
ties in mind, as discussed elsewhere.) Another important 
variable is the temperature. (The temperature of a forma- 
tion is normally inherently reduced by injection of fluids 
and can sometimes be reduced further by deliberate in- 
jection of more fluid for example a larger pad — than 
otherwise called for by the design. Either way, the tem- 
perature will be known, and the spatial and temporal tem- 
perature profile will simply be called "the temperature" 
here.) A third important variable is the pH of the fluid(s) 
with which the solid base-soluble material will come in 
contact ads it is being injected and when it is in a filter 
cake. Laboratory experiments are used to determine the 
dissolution rate of a given material at a given temperature 
and pH. 



[0035] Higher pH and higher temperature accelerate the dissolu- 
tion. It should be understood that the solid "base-solu- 
ble"materials used in the Invention will in fact eventually 
hydrolyze and dissolve in aqueous fluids of any pH at any 
temperature. However, at low pH"s and/or low tempera- 
tures, this dissolution could take years, whereas for the 
purposes of the Invention the dissolution should take 
place within a time span of at least a few minutes to at 
most a few hours. Consequently, at high temperatures (for 
example above about 115 °C) it might be necessary to use 
measures to slow the hydrolysis and dissolution whereas 
at low temperatures (below, for example about 65 °C) it 
might be necessary to take steps to accelerate the hydrol- 
ysis and dissolution. Methods of slowing the hydrolysis 
include, by non-limiting example, lowering the pH or 
buffering the fluid at a lower pH. Another method is to 
coat the solid base-soluble material. Suitable coatings in- 
clude polycaprolate (a copolymer of glycolide and epsilon- 
caprolactone), and calcium stearate, both of which are hy- 
drophobic. Polycaprolate itself slowly hydrolyzes. Gener- 
ating a hydrophobic layer on the surface of the solid 
base-soluble materials by any means delays the hydroly- 
sis. Note that coating here may refer to encapsulation or 



simply to changing the surface by chemical reaction or by 
forming or adding a thin film of another material. Another 
suitable method of delaying the hydrolysis of the solid 
base-soluble material is to suspend the solid base-sol- 
uble material, optionally with a hydrophobic coating, in an 
oil or in the oil phase of an emulsion. The hydrolysis and 
dissolution do not occur until water contacts the solid 
base-soluble material. Methods of increasing the hydroly- 
sis include, by non-limiting example, increasing the pH or 
buffering the fluid at a higher pH. Another method of ac- 
celerating the hydrolysis and dissolution is to incorporate 
with the solid base-soluble material (in the same or dif- 
ferent particles, typically in the same particle, optionally 
coating or coated by the solid base-soluble material) an 
agent that reacts with the acid generated by the hydroly- 
sis. Non-limiting examples are magnesium oxide and cal- 
cium carbonate. This is discussed in detail elsewhere. 
Note that although, depending upon the circumstances, 
control of the hydrolysis and dissolution rate by control of 
the pH may involve increasing, decreasing or buffering the 
fluid, just as the term "base-soluble material"is used 
throughout this discussion for simplicity, a change of the 
pH is usually described in terms of addition of base. 



[0036] For a given treatment there are often several strategies 
that may be used. For example, a combination of chemi- 
cals and job design may be chosen so that the solid base- 
soluble material hydrolyzes and dissolves slowly through- 
out the treatment, and the destruction of the filter cake 
reaches a point at which leak-off causes a screenout at 
the desired time. In some jobs this may be accomplished 
without changing the fluid composition during the job. On 
the other hand, a combination of chemicals and job de- 
sign may be chosen so that the solid base-soluble mate- 
rial does not hydrolyze and dissolve at an appreciable rate 
until the operator makes a sudden change in the compo- 
sition of the injected fluid, for example adds strong base, 
so that the filter cake dissolves quickly as soon as that 
fluid contacts it. This strategy may give the operator 
greater control during the treatment. The availability of 
chemicals and equipment may also be inputs in selection 
of a treatment design. 

[0037] For hydraulic fracturing or gravel packing, or a combina- 
tion of the two, aqueous fluids for pads or for forming 
slurries are viscosified. Polymers (usually polysaccharides 
crosslinked with a boron, zirconium or titanium com- 
pound) are commonly used as viscosifying agents. A por- 



tion of the polymers also typically end up as major (or 
sole) components of the filter cake. However, the viscosity 
of these polymer or crosslinked-polymer fluids is often 
affected by strong base, and polysaccharide polymers are 
not readily destroyed by base so they are not be used in 
the present Invention. On the other hand, certain surfac- 
tants, especially viscoelastic surfactants ("VES's") form ap- 
propriately sized and shaped micelles that viscosify aque- 
ous fluids. These micelles and surfactants are not affected 
by base, and the surfactants do not form filter cakes, so 
surfactants are the preferred viscosifiers in the method of 
the present Invention. Small amounts of polymers may be 
used to increase the viscosity or for purposes other than 
viscosifying, for example as friction reducers; this will not 
be deleterious to the method of the Invention. Any surfac- 
tant-viscosified fracture or gravel packing fluid may be 
used in the Invention, provided that it is compatible with 
the special materials of the Invention (the FLA and the 
base), and with the formation, the proppant, and the de- 
sired results of the treatment. Any VES based fluid can be 
used, in or after the pad, that is compatible with the for- 
mation, the formation fluids, and any additives, especially 
the base. Particularly effective VES based fluids are those 



described in U. S. Patents 5,551,516; 5,964,295; 
5,979,555; 5,979,557; and 6,258,859; and U. S. Patent 
Application Serial Nos. 10/250,416 (assigned to the same 
assignee as the present application) and 10/250,417 
(assigned to the same assignee as the present applica- 
tion), all hereby incorporated by reference. Some of the 
VES fluids described are normally used at pH's of as much 
as 12.5 or higher, in which case they would preferably be 
used for the current Invention in short treatments and 
without additional base. Breakers may also be used for 
VES's provided that they are not strong bases (unless the 
intended job is to be very short) and provided that they 
are compatible with strong bases. 
[0038] Normally, it is known from the start of the design of the 

treatment that aTSO is desired, and the method of the In- 
vention is incorporated into the original job design. How- 
ever, it is possible, and within the scope of the Invention, 
that the job may be designed without planning a TSO, or 
with an optional TSO, and then it can be decided during 
the job execution that a TSO is desired (or may not occur 
as planned) and the job can be modified on the fly ac- 
cordingly. (Note that in this description, we often refer to 
any screenout in the fracture as a tip screenout (TSO), but 



by TSO we include here a screenout that occurs in the 
fracture and not necessarily at the very end of the fracture 
farthest from the wellbore; what is critical is that the 
screenout does occur, that it occurs when it is desired, 
and that it occurs in the fracture and not in the wellbore. 

[0039] v\/e shall use the term "conventional fracturing" here to re- 
fer to hydraulic fracturing in which a tip screenout is nei- 
ther intended nor desired. In conventional fracturing, 
modes of operation that might induce a tip screenout are 
avoided. If a tip screenout is encountered or appears im- 
minent in a conventional fracturing operation, as inferred 
from an increase in pumping pressure, before the entire 
designed treatment is pumped, some change may be 
made on the fly in the job parameters, for example pump 
rate or proppant concentration, to try to minimize the 
tendency toward tip screenout. Frequently, however, the 
treatment is stopped and considered to be a failure. 

[0040] The pad of the Invention comprises a carrier fluid and a 
VES. It may additionally contain other additives normally 
used in such fluids, provided that none of the components 
of the pad is deleterious to the formation or to the frac- 
ture fluid. Fluids used as the pad in the present Invention 
may typically contain materials such as corrosion in- 



hibitors, friction reducers, clay stabilizers, scale inhibitors, 
biocides, and the like. 

[0041] The carrier fluid provides a medium for the transport of 
the other components into the formation. Preferably, the 
carrier fluid is water or brine. Selected organic or inor- 
ganic salts or mixtures can be included, provided that 
they are compatible with all components in the pad, the 
fracture fluid, the formation and the formation fluids. So- 
lutions containing from about 1 to about 7 % by weight 
potassium chloride (KCI) or ammonium chloride are often 
used as the base liquid in fracturing fluids and pads to 
stabilize clays and prevent clay swelling. Sometimes other 
brines or seawater are used. An organic cation salt, such 
as, in particular, tetra methyl ammonium chloride, is an 
effective salt, especially but not limited to about 0.2 to 
about 0.5 percent by weight. 

[0042] FLA's may also include additional solids such as but not 
limited to magnesia, aluminum hydroxide, calcium car- 
bonate (calcite), calcium oxalate, calcium phosphate, alu- 
minum metaphosphate, sodium zinc potassium polyphos- 
phate glass, sodium calcium magnesium polyphosphate 
glass, asbestos, granular starch, particulate mica, plastic 
particles, solid wax or wax-polymer particles, solid oil- 



soluble resin particles, insoluble salts, slowly soluble salts 
(such as sodium chloride if the carrier fluid and formation 
water have high ionic strengths), and mixtures thereof. 
Some of these will dissolve rapidly in base; some will not. 
Some will eventually dissolve or degrade over time; some 
will not. It is not necessary for all of the filter cake to dis- 
solve, or even for all of the solid base-soluble material in 
the filter cake to dissolve. It is only necessary that enough 
filter cake dissolve that the fluid loss increases to the 
point that a screenout occurs. 
[0043] Mixtures of one or more solid base-soluble materials and 
one or more other FLA components may be purely physi- 
cal mixtures of separate particles of the separate compo- 
nents. The mixtures may also be manufactured such that 
one or more solid base-soluble materials and one or other 
FLA components is in each particle. This may be done, by 
non-limiting examples, by coating the other FLA compo- 
nent with the solid base-soluble material, or by heating a 
physical mixture until the solid base-soluble material 
melts, mixing thoroughly, cooling, and comminuting. For 
example, it is common practice in industry to co-extrude 
polymers with mineral filler materials, such as talc or car- 
bonates, so that they have altered optical, thermal and/or 



mechanical properties. Such mixtures of polymers and 
solids are commonly referred to as "filled polymers". When 
the other FLA component is completely enclosed within 
the solid base-soluble material, the other FLA component 
may be water-soluble, for example boric acid or borax. In 
any case it is preferable for the distribution of the compo- 
nents in the mixtures to be as uniform as possible. The 
relative amounts of the components may be adjusted for 
the situation to control the solid base-soluble material re- 
action rate. The most important factors will be the tem- 
perature at which the treatment will be carried out, the pH 
of the aqueous fluid or fluids with which the mixture will 
come into contact, and the time desired for dissolution of 
the mixture. 

[0044] The solid base-soluble material or the mixture of solid 
base-soluble material and other FLA component may be 
manufactured in various solid shapes, including, but not 
limited to fibers, beads, films, ribbons and platelets. An 
advantage of the method of the Invention is that, for a 
given oilfield treatment, the appropriate solid base-sol- 
uble material may be selected readily from among many 
available materials that have different hydrolysis and dis- 
solution rates. The rate of dissolution of a particular solid 



base-soluble material at a particular temperature and in 
contact with a fluid or fluids of a particular pH is readily 
determined by the simple laboratory experiment of ex- 
posing the solid base-soluble material to the fluid or flu- 
ids under treatment conditions. Naturally, a solid base- 
soluble material is selected that a) dissolves at the desired 
rate and b) is compatible with and does not interfere with 
the function of other components of the fluid. 
[0045] The particle sizes of the individual components of the 

mixture may be the same or different. The particle sizes 
depend primarily upon the pore size distribution of the 
rock onto which the filter cake is to be deposited and the 
conditions under which the filter cake destruction will take 
place. Criteria for, and methods of, choosing the optimal 
particle sizes or particle size distributions for fluid loss 
additives and filter cake components are well known. The 
rates at which particles of a given composition and size 
will dissolve in a given basic fluid at a given temperature 
can be determined by experiment. Particle sizes or size 
distributions may be selected as a compromise between 
those that are optimal for fluid loss control or filter cake 
formation and those that are optimal for subsequent dis- 
solution at the desired time and rate. 



[0046] The optimal size or size distribution and concentration for 
fluid loss control can be determined by choosing the de- 
sired leak-off parameters and measuring leak-off with 
samples of the intended fluids and of the formation or of 
a rock similar to the formation. Leak-off is defined by the 
"spurt", which is the initial rapid leak-off of fluid before a 
filter cake barrier is formed on the fracture face (or labo- 
ratory sample face), and by the subsequent leak-off that 
occurs even after a filter cake is formed and is governed 
by the viscosity and the wall-building propensity of the 
fluid and its components. Leak-off is typically measured 
in units of volume or mass per unit area per unit time; for 
a fixed geometry in the laboratory, it may be measured 
simply by mass or volume as a function of time. Measure- 
ment of leak-off, and control of leak-off by formation of a 
filter cake with a fluid loss additive, are familiar to those 
of ordinary skill in the arts of well stimulation and sand 
control. 

[0047] a particular advantage of these materials is that the solid 
base-soluble materials and the generated products are 
non-toxic and are biodegradable. Many of the solid base- 
soluble materials of the Invention are often used as self- 
dissolving sutures. 



[0048] The Invention is carried out by determining, sometimes 
first by experiment and usually finally by computer simu- 
lation and modeling, the optimal amounts of FLA and the 
stage(s) in which it should be included so that a suitable 
filter cake forms. One skilled in the art of stimulation of 
subterranean wells and formations can readily do this with 
a knowledge of the formation and conditions (especially 
time and temperature) involved. The design process can 
be done for example by adjusting the job pumping de- 
sign, including iteratively, usually by modeling until the 
desired result is predicted. FLA will always be in the pad. 
An FLA does not necessarily have to be in all of the prop- 
pant-containing stages, or any of the proppant-contain- 
ing stages, if a satisfactory filter cake has already been 
formed. The type or concentration of FLA may be different 
in the pad and the various proppant stages. 

[0049] This use of a base to dissolve the filter cake during a frac- 
turing job is opposite to what is normally done in conven- 
tional fracturing, in which removal of the filter cake during 
the job is undesirable. 

[0050] it is normally desirable for the filter cake to degrade after 
stimulation applications in order to reduce the fracture 
face "skin"damage and to provide maximal flow of fluids 



from the matrix into the fracture and ultimately into the 
wellbore. Similarly it is desirable for the filter cake formed 
in gravel packing to degrade. This degradation normally 
occurs naturally, albeit slowly, by thermal processes, or by 
dissolution of the filter cake in typical slurry fluids, or by 
the inclusion of breakers in the carrier fluids, or by physi- 
cal processes, in particular due to the reversal of flow 
(during the treatment flow is out of the fracture and into 
the formation, and after production begins the flow is out 
of the formation and into fracture). Because deliberate 
degradation of the filter cake by the method of the Inven- 
tion can bring about much faster and more complete 
degradation, fluid production may begin immediately after 
the job and may be at a higher rate than would be ob- 
tained with other methods of filter cake degradation. 
[0051] if the use of fibers is also planned to aid in inducing a 
TSO, the fiber is usually in at least the first proppant 
stages and the concentration is chosen so that the fiber/ 
proppant slurry packs off (is no longer mobile) and causes 
a TSO when the degradation of the filter cake has pro- 
ceeded to the point where the fluid efficiency is less than 
for example about 20%. Note that the amount of fiber 
needed to cause a TSO in the method of this Invention can 



be less than the amount of fiber normally used in fractur- 
ing to prevent proppant flowback without causing a TSO 
because in the method of this Invention, another action is 
taken to degrade the filter cake and thus to increase the 
concentration of the fiber/proppant slurry in the fracture. 
In other words, bridging is promoted by deliberately en- 
hancing the leak-off. On the other hand, the amount of 
fiber used may also be more than that normally used for 
preventing proppant flowback. 
[0052] The treatment is performed in the usual way with the 

usual equipment, chemicals, and personnel, but with the 
equipment modified to give the ability to add fiber, or 
other bridging-promoting material, if that ability is not al- 
ready present and if one of the embodiments to be used 
involves the addition of fiber. Methods of adding fiber are 
described in U. S. patent Nos. 5,501,275; and 5,782,300. 
A preferred, but not limiting, method of adding fiber is to 
add it to the fluid at the same time as the addition of the 
proppant. Although we have used the term "fiber," other 
materials could also be used as bridging-promoting ma- 
terials, such as needles, fibrillated fibers, platelets, and 
ribbons, especially materials with aspect ratios greater 
than about three. Any organic or inorganic, natural or 



synthetic, material is suitable that would decrease the 
mobility of a fluid/proppant slurry as it dewaters. Fibers 
with aspect ratios greater than about three would be more 
effective when mixed with proppants because they would 
tend to leave a proppant pack with a greater permeability. 
[0053] Fiber, or other bridging-promoting material, may be 

added in a sufficiently high concentration to induce a tip 
screenout, as described in U. S. Patent Application No. 
10/214,817 filed August 8, 2002, hereby incorporated by 
reference, which has a common assignee as the present 
application. However, bridging-promoting materials need 
not be added in an amount sufficient to cause a tip scree- 
nout in the present Invention, when they are used. The 
densities of fibers, proppants and fluids each can vary, so 
the amount of fiber that will be high enough to induce a 
tip screenout, alone or in conjunction with a filter cake 
degradation agent, depends upon the specific choices of 
fibers, proppants and fluids. The following discussion will 
be in terms of aqueous liquids and preferred fibers of the 
Invention, synthetic organic polymeric fibers having rela- 
tively low densities of from about 1 to about 1.5 grams/ 
cubic centimeter. However, denser fibers, such as those 
made from inorganic materials such as glass or ceramics, 



can also be used; such fibers will have densities of up to 
double or more the densities of synthetic organic poly- 
meric fibers. The amount of fiber in a liquid/ 
fiber/proppant slurry necessary to induce a tip screenout 
when used in conjunction with a filter cake comprising a 
solid base-soluble material and subsequent injection of a 
base is most closely related to the volume of fiber per vol- 
ume of fiber/proppant mixture. Thus the amounts of fiber 
expressed below should be adjusted for the densities of 
the specific components involved. The higher the density 
of the fiber, the higher the necessary weight concentra- 
tion. Also, the aspect ratio, the length, and the diameter 
of the fiber relative to the diameter of a proppant will af- 
fect the amount of fiber (expressed in weight per cent of 
liquid in the slurry) in a liquid/fiber/proppant slurry nec- 
essary to induce a tip screenout. A lower weight per cent 
of fiber (expressed in weight per cent of liquid in the 
slurry) will be necessary as the fiber diameter is decreased 
or the fiber length or aspect ratio are increased. These 
adjustments are well within the ability of those skilled in 
the art. Particularly suitable, but not limiting, fibers and 
other materials are described in U. S. Patent Nos. 
5,330,005; 5,439,055; 5,501,275; and 5,782,300, which 



are hereby incorporated by reference. 
[0054] what we term "fibers" can be any fibrous material, such as 
natural organic fibers, synthetic organic fibers (by non- 
limiting example polyaramide or polyamide or novoloid or 
a novoloid-type polymer), fibrillated synthetic organic 
fibers, glass fibers, carbon fibers, ceramic fibers, inor- 
ganic fibers, metal filaments or mixtures thereof. The fi- 
brous material preferably has a length of about 2 to about 
30 nanometers and a diameter of about 10 to about 100 
microns, most preferably a length of about 2 to about 30 
nanometers and a length of about 10 to about 100 mi- 
crons. Fiber cross-sections need not be circular and fibers 
need not be straight. If fibrillated fibers are used, the di- 
ameters of the individual fibrils can be much smaller than 
the aforementioned fiber diameters. However, as the frac- 
ture fluid/fiber/proppant mixture enters the formation, 
the proppant and fiber will concentrate due to fluid leak- 
off. At higher concentrations the fiber greatly increases 
the slurry"s propensity to bridge. When the fiber concen- 
tration is increased to about 4 to about 5 weight per cent 
by leak-off, the slurry has an appearance of wet pulp. It 
has been shown in the laboratory and in yard tests that 
about 4 to about 5 per cent synthetic organic polymer 



fiber in the liquid can plug a slot 6 to 12 millimeters wide. 
Therefore, as the fiber and proppant are concentrated in 
the fracture due to fluid leak-off, the slurry will have a 
great propensity for the proppant/fiber mixture to bridge 
and cause a screenout. 
[0055] The amount of synthetic organic polymer fiber is prefer- 
ably adjusted over the range from about 0.5 to about 2 
weight per cent to account for variations in fluid effi- 
ciency. Normally, 0.5 weight percent synthetic organic 
polymer fiber would not be considered high and would 
not cause a screenout. However, one object of the Inven- 
tion is to use a fiber concentration that would result in a 
screenout. In some cases, for example if the fluid leak-off 
coefficient is relatively high, and the fluid efficiency low, 
then the initial fiber concentration could be reduced to 
about that amount. The concentration might then be in 
the "normal'Vange for a "normal" treatment, but it would 
be high for the treatment in question. On the other hand, 
if the fluid efficiency were to be unusually high, then the 
initial fiber concentration should be increased beyond the 
typical 2 per cent to induce a tip screenout. Thus the 
range of synthetic organic polymer fiber concentration of 
the Invention is from about 0.5 weight per cent of the liq- 



uid to about 3 weight per cent, preferably from about 1 
weight per cent to about 2 weight per cent. In this con- 
text, by "high concentration"we mean a concentration of a 
specific fiber, in a specific liquid/fiber/proppant combina- 
tion, high enough to very significantly increase the proba- 
bility of a screenout under the conditions of the treat- 
ment. 

[0056] Although in conventional hydraulic fracturing the amount 
of fiber used is normally determined by the amount of 
proppant used, so that the amount of fiber is changed if 
the amount of proppant is changed in different stages, in 
the method of this Invention the amount of fiber used is 
more commonly determined by the amount of liquid used 
and it is more common to use a constant amount of fiber 
by weight of liquid. 

[0057] As fiber stiffness or rigidity increases, so does the 

propensity to initiate bridging and screenout. However, 
fluid handling will become more difficult as stiffness in- 
creases. Fibers of varying stiffness or rigidity are readily 
available commercially. Furthermore, friction pressure 
during pumping often decreases due to the addition of 
fibers. This is an added benefit particularly in combined 
fracturing/gravel packing operations where the fluid is of- 



ten pumped through small ports and passages. The 
choice of fiber can readily be made by one of ordinary 
skill in the art by considering the various advantages and 
disadvantages of different fibers as regards to cost, avail- 
ability, concentration needed, ease of handling, effect on 
friction pressure and other factors. 
[0058] Although we have described the use of fiber addition to 
help induce a TSO, it would be within the scope of the In- 
vention to employ fibers for the more conventional pur- 
pose of reducing or preventing particle production. Al- 
though gravel packing, or fracturing followed by gravel 
packing, is more commonly performed with a screen in 
place, it is within the scope of the Invention to apply the 
fluids and methods to treatments that are done without a 
screen. Although we have described the Invention in terms 
of hydrocarbon production, it is within the scope of the 
Invention to use the fluids and methods in wells intended 
for the production of other fluids such as water or brine, 
and in injection, production, or storage wells. Although 
we have described the Invention in terms of unfoamed 
fluids, fluids foamed or energized (for example with nitro- 
gen, carbon dioxide or mixtures thereof) may be used; 
adjustments to the concentrations of all fluid components 



(including fiber and proppant) due to any consequent 
changes in the fluid properties would be made. It is also 
to be understood that the fluids and methods of the In- 
vention may be used to cause tip screenouts in multiple 
fractures, natural fractures, or wormholes or the like cre- 
ated by treatment with acid. Any of the methods of the In- 
vention can be carried out with coiled tubing. 
[0059] Any proppant (gravel) can be used, provided that it is 
compatible with the base and the bridging-promoting 
materials if the latter are used, the formation, the fluid, 
and the desired results of the treatment. Such proppants 
(gravels) can be natural or synthetic, coated, or contain 
chemicals; more than one can be used sequentially or in 
mixtures of different sizes or different materials. Prop- 
pants and gravels in the same or different wells or treat- 
ments can be the same material and/or the same size as 
one another and the term "proppant"is intended to include 
gravel in this discussion. In general the proppant used will 
have an average particle size of from about 0.15 mm to 
about 2.5 mm, more particularly, but not limited to typical 
size ranges of about 0.25 -0.43 mm, 0.43 - 0.85 mm, 
0.85 - 1.18 mm, 1.18 - 1.70 mm, and 1.70 - 2.36 mm. 
Normally the proppant will be present in the slurry in a 



concentration of from about 0.12 kg proppant added to 
each L of carrier fluid to about 3 kg proppant added to 
each L of carrier fluid, preferably from about 0. 12 kg 
proppant added to each L of carrier fluid to about 1.5 kg 
proppant added to each L of carrier fluid. 

[0060] Any additives normally used in such treatments may be 

included, again provided that they are compatible with the 
other components and the desired results of the treat- 
ment. Such additives can include, but are not limited to 
anti-oxidants, corrosion inhibitors, biocides, buffers, etc. 
The wellbores treated can be vertical, deviated or hori- 
zontal. They can be completed with casing and perfora- 
tions or open hole. 

[0061] a further advantage to the method of the Invention is that 
the operator need not design a job that will screen out. 
Thus in situations in which the operator may not wish to 
decrease the pad volume, slow the pumps, decrease the 
proppant loading, or make other design changes, he may 
still screen out when he chooses by adding base. Thus, 
although it is an option to design the treatment so that 
screenout would probably occur even without the addition 
of base and then to add base in order to ensure a scree- 
nout, it is equally within the scope of the Invention to de- 



sign a treatment that probably will not screen out without 
the addition of base, and then to add base. It is also 
within the scope of this Invention to design and start 
pumping a treatment that is not designed or expected to 
screen out at any point during the treatment and then 
during the treatment to decide to cause the treatment to 
screen out and therefore at that point to add base and 
cause the screenout. 

[0062] | t should be pointed out that although it is not desirable 
for the screenout to occur in the wellbore, in the annulus 
between a screen (if present) and the wellbore face, or in 
the perforations, it is desirable that these regions be fully 
packed at the end of the job. That is, the desired result is 
to screen off in the fracture (the origination of the scree- 
nout is in the fracture) and then to fill (or "pack") the 
above-mentioned regions with proppant/gravel. 

[0063] it should be understood that breakers and breaker aids 
may also be included in job designs for the purpose of 
degrading the surfactant viscosifying agent in the carrier 
fluid. Degradation of the viscosifying agent must occur 
after degradation of the filter cake; that is, the carrier fluid 
must be capable of transporting proppant until the treat- 
ment has been completed. The choice of breakers, and 



breaker aids, and the timing and concentration of their 
addition must be consistent with the addition of base to 
destroy the filter cake. Preferably, any breaker or breaker 
aid (and any other additive in the system) should be in- 
sensitive to and compatible with, base. For example, a 
slow acting breaker that is insufficiently active to degrade 
the filter cake during the job but sufficiently active to de- 
grade the viscosifying agent within an acceptable time af- 
ter pumping has ceased may be added at any point during 
a job, independent of the addition of base. 
[0064] This Invention may be practiced at any formation temper- 
ature, taking into account any cool-down that may occur, 
at which the pad and fracture fluids and their compo- 
nents, in particular the VES and micelles in the pad and 
the fracture fluid, have the needed properties, in particu- 
lar stability. 

[0065] Example 1 To demonstrate an embodiment of the Inven- 
tion, a static fluid loss cell was set up with a Berea sand- 
stone core of 200 mD permeability. A viscoelastic fluid 
containing PGA was prepared by dispersing 0.5 weight 
percent PGA in water, adding 0.2% sodium sesquicarbon- 
ate buffer to keep the pH at about 10, and then adding 6 
weight percent of a concentrate that contained about 40 



weight percent of erucic amidopropyl dimethyl betaine, 
about 5 weight percent sodium chloride, about 22 weight 
percent isopropanol, about 1 weight percent polynaph- 
thalene sulfonate, and about 5 weight percent water. This 
fluid was prepared in a Waring blender at "moder- 
ate"speed. The PGA used was Dupont TLF 6267, described 
by the supplier as a crystalline material having a glass 
transition temperature of about 49 °C, a melting point of 
about 200 to 210 °C, a molecular weight of about 600, 
and a mean particle size of about 8 to 15 microns. This 
fluid was pumped through the core with a differential 
pressure of about 3.45 MPa for 20 minutes. The mass 
through the core was captured on a balance, and the 
weight was recorded as a function of time as shown in 
Figure 1. At the end of 20 minutes, flow through the core 
had been reduced to a rate of less than 0.2 ml/min. After 
20 minutes, the fluid in the cell was replaced by a similar 
viscoelastic fluid, but without any fluid loss additive. 
Caustic (NaOH) had been added to this second fluid to 
raise the pH up to approximately 13. In this second stage 
the filter cake created by the first stage was hydrolyzed. 
When flow through the core was resumed at about 3.45 
MPa differential pressure, the fluid loss quickly increased 



to a more rapid rate than had been observed in the first 
stage. After four minutes into the second stage, the fluid 
loss rate was more than 0.4 ml per minute. 

[0066] | n this experiment the first stage of the test corresponded 
to the initial pad stage of an actual treatment, and showed 
that the polyglycolic acid particles provided fluid loss con- 
trol by generating a filter cake. The second stage showed 
that injection of a high pH fluid destroyed the control by 
dissolving at least a substantial portion of the filter cake 
and allowing fluid loss to resume at an increased rate. 
This second stage corresponded to the stage(s) in an ac- 
tual treatment in which base was included, for example 
the proppant stages. 

[0067] Example 2 The ease of hydrolysis and dissolution of Dupont 
PGA TLF 6267 was determined by suspending samples of 
the PGA in water adjusted to different pH's. 0.2 Weight 
percent sodium sesquicarbonate was used to buffer at pH 
10. For pH 12 the fluid was adjusted by adding either KOH 
and NaOH with identical results. The suspensions were 
heated to the desired temperature, held at that tempera- 
ture without stirring for the indicated time, and the results 
were noted. The PGA was considered dissolved when none 
was visible in the solution to the unaided eye. Results are 



given in Table 1, and show how simple experiments can 
be used to determine the pH at which a given solid base- 
soluble material will dissolve at a given temperature in a 
given amount of time. 



eh 


Temperature, °C 


Dissolution time 


10 


66 


~ 10 hours 


12 


66 


< 1 hour 


10 


116 


< 1 hour 



[0068] The preceding description of specific embodiments of the 
present Invention is not intended to be a complete list of 
every possible embodiment of the Invention. Persons 
skilled in this field will recognize that modifications can 
be made to the specific embodiments described here that 
would be within the scope of the present Invention. 

[0069] 



